The effects of different forestry practices on two native rodent species, the swamp rat (Rattus lutreolus) and the long-tailed mouse (Pseudomys higginsi) by Stephens, HC
i 
 
 
 
The effects of different forestry practices on two 
native rodent species, the swamp rat (Rattus lutreolus) 
and the long-tailed mouse (Pseudomys higginsi) 
 
 
 
 
Helen Catherine Stephens 
Bachelor Environmental Science (Honours) 
University of Sydney 
 
 
 
Submitted in fulfilment of the requirements for the 
Degree of Doctor of Philosophy 
School of Plant Science, University of Tasmania 
June, 2013 
 
  
ii 
 
Declaration 
This thesis contains no material which has been accepted for a degree or diploma by 
the University or any other institution, except by way of background information and 
duly acknowledged in the thesis, and to the best of my knowledge and belief no 
material previously published or written by another person except where due 
acknowledgement is made in the text of the thesis, nor does the thesis contain any 
material that infringes copyright. 
 
 
Helen Stephens  Date 
 
 
Authority of access 
This thesis may be made available for loan and limited copying and communication in 
accordance with the Copyright Act 1968. 
 
 
Helen Stephens  Date 
 
 
 
Statement regarding published work contained in thesis 
The publishers of the papers comprising Chapters 2 and 4 hold the copyright for that 
content, and access to the material should be sought from the respective journals. The 
remaining non published content of the thesis may be made available for loan and 
limited copying and communication in accordance with the Copyright Act 1968. 
 
 
Helen Stephens  Date 
          
iii 
 
Statement of publication 
Chapters 2 to 5 are modified as original research articles for peer-reviewed journals.  
  
Chapters 2 has been published as: 
 
Stephens H.C., Baker S.C., Potts B.M., Munks S.A., Stephens D. & O’Reilly-Wapstra J.M. 
(2012) Short-term responses of native rodents to aggregated retention in old growth wet 
Eucalyptus forests. Forest Ecology and Management 267, 18-27 
 
 
Chapter 4 has been published as:  
 
Stephens H.C., Schmuki C., Burridge C.P. & O’Reilly-Wapstra J.M. (2013) Habitat 
fragmentation in forests affects relatedness and spatial genetic structure of a native rodent, 
Rattus lutreolus. Austral Ecology doi: 10.1111/aec.12001  
 
 
Chapters 3 and 5 are in preparation for submission as original papers to peer-reviewed 
journals.   
 
Stephens H.C., Johnstone C.P., Potts B.M., Baker S.C., Wiggins N.L. & O’Reilly-Wapstra 
J.M. (In prep) Physiological effects of forest harvesting on native rodents: responses from a 
habitat generalist and a habitat specialist.  
 
Stephens H.C., Potts B.M., Baker S.C. & O’Reilly-Wapstra, J.M. (In prep) Behavioural 
responses of a native rodent to variation in structural and visual cover in a captive trial.  
  
iv 
 
Statement of Co-Authorship 
The following people and institutions contributed to the publication of work 
undertaken as part of this thesis: 
Helen Stephens, University of Tasmania, CRC for Forestry 
Julianne O’Reilly-Wapstra, University of Tasmania, CRC for Forestry 
Bradley Potts, University of Tasmania, CRC for Forestry 
Susan Baker, University of Tasmania, CRC for Forestry 
Sarah Munks, Forest Practices Authority, Tasmania 
Christina Schmuki, University of Tasmania, CRC for Forestry 
Christopher Burridge, University of Tasmania 
Christopher Johnstone, Monash University 
Natasha Wiggins, University of Tasmania 
Diane Stephens 
 
Author details and their roles:  
The candidate, HS, was the lead author on all four papers (chapters) and was 
responsible for all aspects of each study, including the development of the ideas, 
collection and analysis of data, and writing of the manuscripts. The supervisory team 
of JORW, SB and BP provided overall guidance for the development of ideas, analysis 
of data and manuscript writing. The role of other co-authors included: 
 
Chapter 2: SM provided guidance and supervision for this paper, including the 
development of ideas, analysis of data, and the writing of the manuscript. DS assisted 
in the collection of the majority of the data, the development of practical fieldwork 
applications, and writing of the manuscript.  
 
Chapter 3: CJ assisted in the analysis and interpretation of the data, and writing the 
manuscript. NW assisted in the collection of the data, and writing the manuscript.  
 
Chapter 4: CB provided guidance and supervision for this paper, including the 
development of ideas, analysis of data, and the writing of the manuscript. CB also 
assisted in the laboratory analyses of samples. CS provided guidance and assistance for 
the analysis of data and the writing of the manuscript.  
v 
 
We the undersigned agree with the above stated “proportion of work undertaken” for 
each of the above published (or submitted) peer-reviewed manuscripts contributing to 
this thesis: 
 
Signed: __________________   ______________________ 
 
 Julianne O’Reilly-Wapstra   Mark Hovenden 
 Supervisor     (Acting) Head of School 
 School Of Plant Science   School of Plant Science 
 University of Tasmania   University of Tasmania 
 
Date:_____________________  
vi 
 
Statement of Ethical Conduct  
The research associated with this thesis abides by the international and Australian 
codes on animal experimentation. All research was conducted with the approval of the 
University of Tasmania Animal Ethics Committee (approval permits A9923, A10504, 
A11389) and the Department of Primary Industries and Water, Parks and Wildlife 
(permits FA 8098, FA9075, FA10047, FA10176); and with permission from Forestry 
Tasmania to conduct mammal trapping in State Forest. 
 
 
Helen Stephens  Date 
  
vii 
 
Acknowledgements 
Firstly, I would like to thank my wonderful supervisory team of Julianne 
O’Reilly-Wapstra, Sue Baker and Brad Potts. They have been amazingly supportive 
and encouraging, and were always available to offer advice whenever I needed it. 
Special thanks to Julianne for being with me every step of the way and encouraging me 
to reach beyond what I thought I was capable of. I would also like to thank Julianne for 
being my emergency contact on all of my field trips and for (mostly) not forgetting me. 
Thank you to Sue for being so enthusiastic, for providing great advice on all forestry 
matters and for helping out on many field trips. Thank you to Brad for sharing his 
wisdom and humour, and for staying on as my supervisor even though he threatened 
not to for at least the first two years, in the nicest possible way. I really couldn’t have 
dreamed of a better supervisory team, and I will be eternally grateful for all the 
opportunities they have given to me.  
 
Thank you to all the collaborators who helped to shape this project. Sarah Munks was 
my Research Advisor early on during the planning stage of this project and helped to 
develop the larger scale project and offer advice on all things mammalian. Thank you 
to my three wonderful Chris’, without whom I would still probably be tearing my hair 
out. Chris Burridge helped initiate me into the world of population genetics, while 
Christina Schmuki helped me make sense of the seemingly millions of ways to analyse 
the data. I approached Chris Johnstone quite late in the project to help me interpret my 
physiological data. His advice has been invaluable, and his enthusiasm and 
encouragement very much appreciated.  
 
I would like to acknowledge the financial support I received from the CRC for 
Forestry for project implementation and a top up scholarship. I am grateful for the 
opportunities provided by the CRC to attend conferences and student workshops. I 
would also like to acknowledge support for project funding by the W.V. Scott 
Charitable Trust, Holsworth Wildlife Research Endowment, Forestry Tasmania, M.A. 
Ingram Trust, and Forest Practices Authority. I would like to thank the School of Plant 
Science and the Graduate Research Candidate Conference Fund Scheme for providing 
funds for me to travel to and attend an international conference.  
 
viii 
 
I was fortunate to have been able to benefit from the advice, wisdom and experience of 
many people and groups throughout this project. Forestry Tasmania provided support 
and access to resources and sites; in particular, I would like to thank Kerri Spicer and 
Bernard Plumpton for their invaluable planning advice, and Bryn Roberts for GIS help. 
Greg Jordan (UTAS), Clare McArthur (University of Sydney) and Russell Thomson 
(UTAS) provided statistical advice. Adam Smolenski (UTAS) provided laboratory 
training and advice for the genetics study, and David Obendorff and Erin Flynn 
(UTAS) provided training on identifying leukocytes. Barrie Wells (UTAS) provided 
support and training for animal handling, blood sampling and animal welfare issues. 
Mike Driessen (DPIPWE) provided advice on Tasmanian small mammals.  
 
I was fortunate to have many, many people help me on my field trips, but I would 
especially like to thank my mum, Diane Stephens, Hugh Fitzgerald, Natalia Atkins and 
Natasha Wiggins. Thank you to Diane for sacrificing two of her birthdays to the cause, 
and possibly many litres of blood to the leeches. Thank you to Hugh for his endless 
enthusiasm in the face of horizontal trees, impossibly high logs, mudslides and cutting 
grass (“this is fun, Helen!”), for all the stories, and for introducing me to some pretty 
fantastic music on the long drives. Thank you to Natalia for braving non-sunshine 
fieldwork and sacrificing many weekends to help me, and for tolerating my obsession 
with taking fungi photos. Thank you to Tash for always smiling, even as the 
hypothermia set in, for the themed dances, and, of course, the stupid game tournaments. 
Thank you to all the others who helped with field work, mostly in inclement weather, I 
really couldn’t have done it without you: Kerry Black, Peter Blain, Christina Borzak, 
Belinda Browning, Naomi Dean, Petrina Duncan, John Evans, Erin Flynn, Katrina 
French, Neal Haslem, Kirsten Haydon, Aaron Holmes, Zach Holmes, Jeremy Little, 
Prue Loney, Anthony Mann, Alison Miller, Keziah Nunn, Lisa O’Bryan, Martin 
O’Bryan, Mike Perring, Jen Sanger, Amanda Smith, Kerri Spicer, Richard Stephens, 
Paul Tilyard, Veronica Tyquin, Laura Wood, and Sam Wood.  
 
I would like to thank the School of Plant Science for providing such a wonderful, 
friendly and collaborative workplace. Thank you for providing an environment where 
it is possible to laugh every day, even on your worst days. I would especially like to 
thank Catherine Jones, Clancy Carver, Jodi Noble and Leesa Borojevic for all their 
help with budgets and field work planning, Mick Oates for fixing all the things I (or 
ix 
 
the possums) broke, and Paul Tilyard for his fieldwork assistance and excel and 
photoshop wizardry. Thank you to Tanya Bailey for her PhD advice and for lots of 
chats and laughs. I would like to thank all my officemates for being supportive and 
making work so much fun. Over the final few months, special thanks to Tom Baker, 
Nick Fountain-Jones, Adam McKiernan and Matilde Ravizza for putting up with me, 
and Schmuki for sharing the weekend shifts with me.  
 
I would like to also like to thank the School of Zoology for their help and support. In 
particular, Joanne McEvoy and Erik Wapstra for their swamp rat insights, Adam 
Stephens for his practical advice, and Richard Holmes for being so good at fixing and 
constructing everything I threw at him (not literally), and always doing it with a smile.  
 
Last, but certainly not least, I would like to thank my family and friends, for their 
support, encouragement, belief and patience. Thank you to my parents, Diane and 
Richard, who have been unfailingly supportive. My mum helped me on more than half 
of the field trips, most of which were during very cold, very rainy winters and involved 
cleaning countless smelly swamp rat traps. Mum never complained, and more 
importantly, never rustled plastic bags while I was trying to take blood samples. She 
was an absolute inspiration and gave me motivation to keep going on every single trip. 
I am so grateful to her for giving up so much of her time to help me, and so happy that 
she wanted to share such an amazing experience with me. A huge thank you also to my 
Dad for letting me borrow her for so long, but I’m not sure either of us had a choice! 
 
I am very grateful to all my friends who have helped to keep me on track, particularly 
over the last few months. Special thanks to Natalia Atkins for keeping me focussed, 
Christina Schmuki and Euan Rose for keeping me grounded, Natasha Wiggins for 
inspiring me from afar, Kristin Connell for listening, and Alex Rush for always 
believing in me. Thank you to Hugh Fitzgerald, Liz Canning and Dex Canning, and 
Sam and Laura Wood for their delicious dinners and for reminding me that there was a 
life outside of a PhD. Thank you to Mario for being so patient, understanding and 
helpful. And thank you to Noah for all the hugs.  
x 
 
Abstract 
Forest fragmentation, modification and loss can have a range of negative impacts on 
wildlife, including reduced foraging opportunities, increased competition for resources, 
loss of habitat connectivity and restricted dispersal, and increased predation risk due to 
removal of habitat cover. Harvesting practices such as clearfelling (clearcutting) in 
native forests typically remove all standing mature forest elements, resulting in large 
tracts of land with little vegetation cover and altered biodiversity. An alternative 
practice, aggregated retention, was developed with the objectives to ‘lifeboat’ species 
and processes, retain and enhance structural complexity and improve connectivity 
within the landscape, by retaining patches of unlogged forest within ‘islands’ and 
surrounding ‘edges’ in the harvested matrix. Although this practice has been successful 
in retaining biodiversity and mature forest species for some taxa, there have been 
relatively few studies on small ground mammals, particularly in the Southern 
Hemisphere, and very little attention has been given to landscape connectivity.  
 
The main aim of this thesis was to determine the effects of different forestry practices 
(clearfelling, unlogged native forest and aggregated retention treatments)  in wet 
eucalypt forest in Tasmania on two native rodent species: the swamp rat 
(Rattus lutreolus), a cover-dependent species, and the long-tailed mouse 
(Pseudomys higginsi), a habitat generalist. The first part of this project involved a field 
investigation of rodent abundances, demographics and habitat use (Chapter 2). The 
distinctly different responses of the two species to each practice, particularly within 
aggregated retention, then prompted investigations into physiological responses of 
both species (Chapter 3), and the genetic (Chapter 4) and behavioural (Chapter 5) 
implications of forestry practices on the cover-dependent swamp rat.  
 
A major field study examining rodent abundances (Chapter 2) showed that the 
cover-dependent swamp rat declined with increasing disturbance among the three 
treatments, with abundance highest in unlogged forest, lowest in clearfelled and 
intermediate in aggregated retention. These responses to disturbance were also seen in 
the different habitat types created within aggregated retention sites, with lowest 
abundances in the harvested matrix, highest in the forested edges and intermediate in 
the forested islands. There was also a significant positive relationship between swamp 
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rat abundance and lower strata vegetation cover in harvested areas. In contrast, the 
abundance of the long-tailed mouse was not significantly different among treatments 
nor within the different habitat types in aggregated retention sites and there were no 
clear relationships with vegetation cover. The abundance results indicated that swamp 
rats were highly sensitive to harvesting while long-tailed mice were resilient and able 
to persist in harvested areas. Interestingly, the physiological data (blood profiles and 
body condition, Chapter 3) did not reflect this result, with no indication of stress 
responses nor differences in general condition in swamp rats, while long-tailed mice 
showed poorer body condition in clearfelled sites compared to unlogged sites. 
Long-tailed mice may only inhabit harvested areas out of necessity rather than 
showing resilience to disturbed habitats. Swamp rats were rarely found in harvested 
areas and may be minimising physiological impacts by preferentially residing in 
forested areas. Alternatively, populations may be experiencing elevated physiological 
stress in both harvested and unlogged sites due to fragmentation of the latter by minor 
roads.  
 
Habitat fragmentation can impede movement of animals between suitable habitat, 
restricting dispersal and gene flow, and resulting in population differentiation. 
Analyses of swamp rat genetic samples (Chapter 4) from aggregated retention and 
unlogged sites revealed no evidence of inbreeding, but increased relatedness in 
aggregated retention island patches, which is most likely due to restricted dispersal 
across the ‘hostile’ harvested matrix. Surprisingly, analyses also revealed that swamp 
rats do not easily move across unpaved, narrow (< 10 m) and seldom-used roads. 
While harvesting may result in immediate and large-scale changes to suitable habitat, 
roads may pose a longer-term hindrance to dispersal.  
 
Swamp rats prefer dense vegetation cover (Chapter 2), although the importance of 
ground-level structural cover and overhead visual cover was not clear from the field 
trial. Therefore, captive behavioural trials (Chapter 5) were run to test habitat cover 
preferences by swamp rats using ground-level structural cover and 1 m high overhead 
(visual) cover in low risk (dark) and high risk (light) conditions. There were no clear 
preferences for different densities of structural or visual cover. However, the walls of 
the experimental arena (essentially a type of structural cover, perhaps analogous to 
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large logs) were preferred over the centre area of the arena, regardless of cover density 
or risk conditions for both structural and visual cover types. 
 
This thesis highlights the importance of using multiple disciplines (ecology, 
physiology, genetics, and behaviour) to investigate anthropogenic disturbances on 
wildlife. Despite persistence within the harvested matrix, long-tailed mice showed 
decreased body condition, which may have longer-term health and reproductive 
consequences. Additionally, while swamp rat populations appear to be thriving in 
unlogged forests, population differentiation is occurring due to the presence of 
unpaved, narrow, and seldom-used roads acting as dispersal barriers. It also confirmed 
that the practice of aggregated retention as an alternative to clearfelling is beneficial 
for small ground-dwelling mammals for the objective of life-boating, but may not be 
providing landscape connectivity as there are some restrictions for dispersal of cover-
dependent species, at least over the short-term.   
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